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O objetivo neste estudo in vitro foi analisar o esmalte bovino restaurado com 
diferentes materiais após o desafio cariogênico por meio da Tomografia de 
Coerência Óptica (OCT). Vinte e quatro incisivos bovinos foram selecionados, 
planificados e lixados para remoção do esmalte superficial, resultando em uma 
espessura de esmalte de 1 mm. Cavidades (1,5 x 0,5 mm) foram preparadas na 
superfície vestibular dos dentes, usando máquina padronizadora de preparos com 
ponta diamantada (#3131). Em seguida, os dentes foram distribuídos 
aleatoriamente em 3 grupos de acordo com o material restaurador (n=8): Cimento 
de Ionômero de Vidro Convencional - KetacTM Molar Easymix (3M ESPE); Cimento 
de Ionômero de Vidro Modificado por Resina - VitremerTM (3M ESPE); e Resina 
Composta - FiltekTM Z350 (3M ESPE). Os procedimentos restauradores foram 
realizados de acordo com as recomendações do fabricante e pelo mesmo 
operador. Após 24 horas foi realizado o acabamento e polimento com ponta 
diamantada (#3139) e discos Sof-LexTM (3M ESPE) de granulação média à extra-
fina. As análises foram realizadas antes e após do desafio cariogênico utilizando o 
sistema de OCT (OCP930SR Thorlabs Inc.). Foram obtidas nove imagens de cada 
espécime, as quais foram analisadas por software (LabView 8) para se obter o 
coeficiente de atenuação óptico total em duas diferentes distâncias da área 
restaurada: 0-200μm e 200-400μm, a partir da margem da restauração. Todos os 
espécimes foram submetidos à ciclagem de pH, para simular o desafio 
cariogênico. Para isso, os espécimes foram imersos em solução 
desmineralizadora durante 6 horas e solução remineralizadora por 18 horas 
durante cinco dias, e dois dias adicionais em solução remineralizadora. Os dados 
foram submetidos à Análise de Variância e teste t pareado (p<0,05). Os dados da 
concordância intra-examinador foram analisados e a mesma foi considerada 
excelente (0,97). Não foi observada diferença entre os materiais em relação ao 
desafio cariogênico e áreas de análise (p>0,05). Considerando os tempos, antes e 
após o desafio cariogênico para cada material, nenhuma diferença significativa foi 
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encontrada para KetacTM Molar Easymix em 0-200μm (p=0,0932) e em 200-
400μm (p=0,0986). No entanto, observou-se diferença estatisticamente 
significativa para VitremerTM (p=0,0246) e FiltekTM Z350 (p=0,0360) para ambas as 
áreas 0-200μm (p=0,0071) e 200-400μm (p=0,0014), sendo que houve aumento 
no coeficiente de atenuação óptico depois da ciclagem, indicando perda mineral. 
Nas condições do presente estudo, concluiu-se que: 1) alterações no esmalte 
bovino foram detectadas quanto este foi restaurado com materiais resinosos, uma 
vez que foi observado aumento no coeficiente de  atenuação óptico, o que sugere 
a perda de mineral do esmalte após desafio cariogênico; 2) KetacTM Molar 
Easymix não apresentou diferença entre antes e após o desafio cariogênico 
indicando efeito protetor ao esmalte ao redor das restaurações quando esse 
material foi utilizado in vitro; 3) não foi observada diferença entre os materiais 
antes e após o desafio cariogênico.  
 
Palavras-Chave: Esmalte Dentário, Materiais Dentários, Tomografia de Coerência 





The aim of this in vitro study was to evaluate by Optical Coherence Tomography 
(OCT) analysis the bovine enamel restored with different materials submitted to 
cariogenic challenge. Twenty-four bovine incisors were selected, grounded and 
flattened to remove the first enamel surface and enamel thickness was measured 
in 1 mm. Cavities (1.5 x 0.5 mm) were prepared in the buccal surface of each tooth 
using a diamond bur (#3131) using a standard cavity preparation device. After that, 
teeth were randomly divided into 3 groups according to restorative material (n=8): 
Conventional Glass Ionomer Cement - KetacTM Molar Easymix (3M ESPE); Resin-
Modified Glass Ionomer - VitremerTM (3M ESPE), and Resin Composite - FiltekTM 
Z350 (3M ESPE). All restorative procedures were performed according to the 
manufacturer's recommendations and by the same operator. After 24 hours it was 
performed finishing and polishing with diamond bur (#3139) and Sof-LexTM (3M 
ESPE) granulation medium to extra-fine. Analyzes were performed before and 
after the cariogenic challenge using OCT system (OCP930SR Thorlabs Inc.). Nine 
images were obtained from each specimen, which were analyzed by software 
(LabView 8) to obtain the total optical attenuation coefficient at two different 
distances from the restored area: 0-200μm or 200-400μm from the restoration 
margin. All specimens were submitted to pH-cycling to simulate the cariogenic 
challenge. For this, specimens were immersed in demineralizing solution for 6 
hours and remineralizing solution for 18 hours for five days and two days in 
remineralizing solution. Data were submitted to ANOVA and paired t-test (p<0.05). 
Data from intra-examiner agreement were analyzed and was considered excellent 
(0.97). It was not observed difference among materials regarding the cariogenic 
challenge and areas of analysis (p>0.05). Considering before and after cariogenic 
challenge for each material, no significant difference was found for KetacTM Molar 
Easymix at 0-200µm (p=0.0932) and at 200-400µm (p=0.0986). However, 
statistically significant difference for VitremerTM (p=0.0246) and FiltekTM Z350 
(p=0.0360) for both areas 0-200μm (p=0.0071) and 200-400μm (p=0.0014) was 
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observed because of the increasing in optical attenuation coefficient after pH 
cycling, showing mineral loss. Within the conditions of the present study, it could be 
concluded that: 1) changes in bovine enamel were detected for resin-based 
materials since it was observed increase in optical attenuation coefficient, 
suggesting enamel mineral loss after cariogenic challenge; 2) Glass Ionomer 
Cement (KetacTM Molar Easymix) showed no difference between before and after 
cariogenic challenge indicating protective effects in enamel around the restoration; 
3) no difference was found between the materials before or after the cariogenic 
challenge.  
   











CAPÍTULO 1: Evaluation of bovine enamel restored with different 
materials submitted to cariogenic challenge using optical coherence 
tomography 5 
  










Lesões de cárie localizadas às margens de restaurações dentárias tem 
sido definidas como cáries recorrentes (Mjör, 2005) e são consideradas a principal 
razão para a substituição das restaurações (Mjör & Toffenetti, 2000; Totiam et al., 
2007). O tratamento restaurador não representa a cura da doença cárie e a 
recorrência das lesões nas margens das restaurações é resultado de uma 
somatória de fatores (White & Eakle, 2000). Uma característica interessante de um 
material restaurador frente a este problema seria proporcionar a remineralização 
nas paredes da cavidade (Tyas et al., 2000) e prevenir a desmineralização das 
mesmas (Mickenautsch et al., 2010).  
Desta forma atenção considerável tem sido aplicada a materiais 
restauradores que possuem fluoretos em suas composições, os quais apresentam 
capacidade para inibir a formação da cárie recorrente (Vermeersch et al., 2001). 
Outra função do fluoreto é de trazer os íons cálcio e fosfato a superfície do 
esmalte, tornando-a mais resistente a dissoluções ácidas (Featherstone et al., 
1990). Sabendo-se que todo material restaurador apresenta vantagens e 
limitações, as características destes devem ser ponderadas e, então, a decisão 
clínica deve ser tomada acerca da escolha do material restaurador a ser 
empregado. Diferentes materiais com conteúdo de fluoretos estão disponíveis no 
mercado: os cimentos de ionômero de vidro (CIV) convencionais, CIV modificados 
por resina (CIVMR), resinas compostas modificadas por poliácidos (Compômeros) 
e as resinas compostas (Ceruti et al., 2006).    
Os primeiros CIVs surgiram na década de 70 e são capazes de se ligar 
ao tecido dental por meio de ligações entre os íons cálcio e fosfato do dente que 
se ligam ao grupo carboxila do ionômero realizando trocas iônicas tanto para a 
dentina como para o esmalte (Sidhu & Watson, 1995).  
Os CIVs são biocompatíveis e capazes de liberar íons fluoreto, que  
interferem no ciclo desmineralização e remineralização do substrato dental, além 
de fornecer potencial de ação antimicrobiano e cariostático positivo para ambiente 
bucal hostil (Nikolaos et al., 2007) sendo, portanto, apropriado para auxiliar o 
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controle da doença cárie (Mount, 2003). Entretanto, estes materiais são sensíveis 
à umidade, apresentam propriedade mecânica e estéticas inferiores quando 
comparadas a outros materiais restauradores como resinas e CIVMRs (Wang & 
Darvell, 2008).  
Na década de 80 surgiram os CIVMRs. Essa inovação foi uma tentativa 
de superar os problemas tradicionalmente associados aos CIVs convencionais, ou 
seja, sinérise e embebição, e as deficiências nas propriedades físicas, como a 
resistência mecânica (Sidhu, 2011). Com o objetivo de melhorar estas 
propriedades e também conferir estética aos CIVs, combinou-se o sistema foto e 
quimicamente ativado, por meio de reação de presa tripla (reação ácido-base + 
reação de polimerização por fotoiniciadores + reação de polimerização por 
iniciadores químicos) (Peumans et al., 2005).  
O potencial de interação dos CIVs com a estrutura dental tem sido 
relatado (Creanor et al., 1998; Massara et al., 2002; Exterkate et al., 2005; Lee et 
al., 2008; Kim et al., 2010) e diferentes técnicas de avaliações tem sido utilizadas. 
Quanto aos aspectos remineralizadores e mudanças estruturais regenerativas 
proporcionadas pelos materiais, lesões de cárie artificiais adjacentes a 
restaurações realizadas com CIVs convencionais e CIVMRs apresentaram 
potencial de remineralização. Esses resultados foram observados por meio de 
microradiografia (Creanor et al., 1998) e micro-tomografia computadorizada 
(Exterkate et al., 2005; Lee et al., 2008). Também a utilização da espectroscopia 
por energia dispersiva de raios X (EDX) demonstrou diferenças no perfil mineral 
da dentina cariada restaurada com CIV indicado a remineralização da mesma 
(Massara et al., 2002). E a capacidade para a remineralização do esmalte 
adjacente a restaurações realizadas com CIV após serem submetidas ao desafio 
cariogênico foi observada por meio do teste de microdureza transversal (Takeuti et 
al., 2007; Salas et al., 2011) e microscopia de luz polarizada (Takeuti et al., 2007).  
Entretanto novas ferramentas são necessárias para avaliações não 
destrutivas quando se aborda a interação dos materiais restauradores com os 
substratos dentários, devido à possibilidade de ampliação da utilização para o 
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meio clínico. Sendo assim, tem-se pesquisados métodos alternativos para avaliar 
a presença de cárie ou tecido desmineralizado. Um desses métodos promissores 
é a Tomografia de Coerência Óptica ou Optical Coherence Tomography (OCT). 
Esse método não destrutivo de alta resolução óptica tem sido utilizado para 
observação microestrutural de tecidos moles e duros (Otis et al., 2000). É uma 
tecnologia de diagnóstico de imagem não invasiva, sendo capaz de produzir 
imagens transversais com alta resolução da microestrutura interna dos tecidos 
vivos (Huang et al., 199; Bouma & Tearney, 2002). 
O mecanismo de funcionamento é por meio da emissão de luz de baixa 
coerência acoplada a um interferômetro de Michelson, sendo dividida em dois 
feixes de luz: um feixe é direcionado para a amostra e o outro para o espelho de 
referência. Quando os reflexos do espelho de referência são retroespalhados, a 
luz emitida do tecido é recombinada e um sinal de interferência é detectado dentro 
do comprimento de onda da fonte de luz. OCT produz imagens transversais dos 
tecidos com base na profundidade de penetração da luz e refletividade óptica. A 
intensidade da luz retroespalhada é medida pela posição axial na amostra criando 
imagens em tempo real (Huang et al., 1991; Bouma & Tearney, 2002).  
Os primeiros sistemas de OCT foram desenvolvidos para identificar 
falhas em cabos de fibra óptica e componentes de rede, mas logo verificou-se a 
capacidade para analisar a estrutura do olho humano (Fercher et al., 1988; Izatt et 
al., 1994) e de outros tecidos biológicos (Clivaz et al.,1992; Schmitt et al., 1993; 
Wang et al., 2012). Aplicações do OCT no meio médico foram relatadas há mais 
de 20 anos (Youngquist et al., 1987; Fercher et al., 1993; Fujimoto et al., 1995). 
Hoje a maior área de atuação é a oftalmológica, sendo a única técnica capaz de 
fornecer imagens que possibilitam a análise dos aspectos morfológicos da retina 
em alta resolução realizada in vivo (Hee et al., 1995). 
Na odontologia, os métodos diagnósticos de cárie dentária são o exame 
visual, tátil e radiográfico (Angmar-Månssonet & ten Bosch, 1993; Stookey & 
Gozález-Cabezas, 2001; Fried et al., 2002). Infelizmente, esses métodos não são 
sensíveis o suficiente para diagnosticar o processo da doença em seus estágios 
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iniciais (Stookey & Gozález-Cabezas, 2001). Além disso, o método visual depende 
da capacidade do profissional de identificar essas lesões. Nesse sentido, OCT 
mostrou-se mais efetivo na detecção da desmineralização do esmalte do que a 
inspeção visual (Shimada et al., 2010).  
OCT é um método que pode ser utilizados para mensurar a perda 
mineral do esmalte tanto qualitativa como quantitativamente (Freitas et al., 2009). 
Além disso, apresenta capacidade para medir a desmineralização sub-superficial 
no esmalte e dentina (Fried et al., 2002; Ngaotheppitak et al., 2005; Jones et al., 
2006 [a]; Jones et al., 2006 [b]; Jones & Fried, 2006; Chong et al., 2007) e ainda 
para monitorar a progressão de lesões de cárie produzidas artificialmente (Jones 
et al., 2006 [a]; Ngaotheppitak et al., 2006; Chen et al., 2005; Ko et al., 2005; 
Staninec et al., 2011; Jones & Fried, 2006; Le et al., 2009). Além disso, esta 
técnica pode fornecer informações de propriedades ópticas do esmalte, que 
podem mudar devido ao processo de desmineralização (Bakhmutov et al., 2008). 
Alguns estudos utilizando OCT tem demonstrado também a atuação de agentes 
remineralizadores na estrutura do esmalte dental (Chong et al., 2007; Kang et al., 
2011).   
No entanto, estudos que tenham avaliado o processo de 
desmineralização em esmalte adjacente a materiais restauradores, utilizando esta 
tecnologia, não foram relatados.  
Desta forma o objetivo neste estudo in vitro foi analisar o esmalte 
bovino restaurado com diferentes materiais após o desafio cariogênico por meio 
da Tomografia de Coerência Óptica (OCT).  
Para alcançar esse objetivo, esta Dissertação* foi apresentada em um 




*Esta dissertação está baseada na resolução CCPG 001/98, a qual dispõe a respeito do formato das teses de mestrado e 






EVALUATION OF BOVINE ENAMEL RESTORED WITH DIFFERENT 
MATERIALS SUBMITTED TO CARIOGENIC CHALLENGE USING 




Fernanda Miori Pascon 
Pediatric Dentistry Department, Pediatric Dentistry and Dental Materials Areas 
Piracicaba Dental School, University of Campinas – UNICAMP 
Av. Limeira, 901. 13414-903, Piracicaba, SP, Brazil 





We evaluated the effect of pH-cycling on the optical attenuation coefficient (OAC) 
of bovine enamel restored with different materials by using optical coherence 
tomography (OCT) analysis. Buccal cavities (1.5 × 0.5 mm) were generated in 24 
bovine teeth and randomly divided into 3 groups (n = 8): conventional glass 
ionomer cement, KetacTM Molar Easymix (KM); resin-modified glass ionomer 
cement, VitremerTM (VI); and resin composite, FiltekTM Z350 (FZ). After 24 h of 
storage, restorations were finished/polished and submitted to pH-cycling 
(demineralizing solution for 6 h and remineralizing solution for 18 h for 5 days, 
followed by an additional 2 days in remineralizing solution). Analyses were 
performed before and after the pH-cycling using an OCT system and LabView 8 
software. OAC values were measured at 2 different distances from the restoration 
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margin: 0–200 μm and 200–400 μm. Data were submitted to analysis of variance 
(ANOVA) and paired t-tests (p < 0.05). pH-Cycling did not induce a significant 
difference in OAC values for KM at either distance. This pattern was not the same 
for all the materials studied. VI and FZ showed difference after pH-cycling. 
However, there was no difference between the materials, either before or after the 
pH-cycling. Within the conditions of the present study, it could be concluded that: 
1) changes in bovine enamel were detected for resin-based materials since it was 
observed increase in optical attenuation coefficient, suggesting enamel mineral 
loss after cariogenic challenge; 2) Glass Ionomer Cement (KetacTM Molar Easymix) 
showed no difference between before and after cariogenic challenge indicating 
protective effects in enamel around the restoration; 3) no difference was found 









Carious lesions associated with the margins of tooth restorations have 
been defined as recurrent caries (Mjör, 2005) and it has been considered the main 
reason for the replacement of restorations (Mjör & Toffenetti, 2000; Totiam et al., 
2007). It has been suggested that the restorative treatment does not cure the 
caries disease and the lesions recurrence on restorations margins results from 
neglecting to treat caries as a disease before placing a restoration (White & Eakle, 
2000). Part of the caries treatment is encouraging remineralization in the cavity 
walls (Tyas et al., 2000) and preventing demineralization of them (Mickenautsch et 
al., 2010). Thus, remarkable attention has been applied in restorative materials that 
have fluoride content and the material ability to inhibit recurrent caries formation is 
considered an important clinical property (Vermeersch et al., 2001).  
Glass-Ionomer cements (GIC) have fluoride ions in their composition. 
Moreover, they are capable of binding to the dental tissue through associations 
between calcium and phosphate ions of the teeth and ionomer carboxyl group 
(Sidhu & Watson, 1995). They are biocompatible; they show antimicrobial and 
cariostatic effects, acting positively in a hostile oral environment (Nikolaos et al., 
2007) being suitable for the dental caries control (Mount, 2003) and show fluoride 
release capability (Diaz-Arnold et al., 1995; Forsten, 1995; de Araújo et al., 1996; 
Vermeersch et al., 2001; Kantovitz et al., 2009). Considering these properties, 
there is a considerable interest on the effect of GIC on the tooth structure and its 
influence on the de-remineralization process. The ability of GIC to promote a 
cariostatic effect makes these materials suitable for the inhibition of secondary 
lesions development in adjacent dental hard tissue (Thomas et al., 2007). 
However, this material is sensitive to moisture and has inferior mechanical and 
aesthetic properties when compared to other restorative materials (Wang & 
Darvell, 2008; Sidhu, 2011).  
The development of resin-modified GICs was an attempt to help 
overcome problems associated to conventional GIC, such as syneresis and 
imbibition, deficiencies in physical properties, while providing strength and esthetic 
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similar to resin composites materials (Sidhu, 2011). These materials contain the 
essential components of both an aqueous glass-ionomer and a light-curable resin 
and combine some advantages of resin composites, longer working time and rapid 
setting, and some advantages of conventional GIC, adhesion to dental tissues 
(Mount, 1994; Sidhu & Watson, 1995) and a substantial fluoride release (Diaz-
Arnold et al., 1995; Forsten, 1995; de Araújo et al., 1996; Vermeersch et al., 2001; 
Kantovitz et al., 2009).  
Fluoride inhibits dissolution of calcium and phosphate in enamel, by 
dissolving during an acid challenge, preventing the tooth structure from being 
dissolved (Featherstone et al., 1990). Another role of fluoride is to bring calcium 
and phosphate ions together forming a more acid-resistant surface that makes 
decay less likely to progress (Featherstone et al., 1990). Although remineralization 
ability to surrounding enamel has been confirmed by GIC under an acidic attack 
after cariogenic challenge this was observed evaluated using cross-sectional 
microhardness (Takeuti et al., 2007; Salas et al., 2011) and polarized light 
microscopy (Takeuti et al., 2007). So, new tools are needed for the non-destructive 
assessment regarding this subject.   
Optical coherence tomography (OCT) is a non-invasive, non-destructive 
and non-ionizing technique for creating cross-sectional images of internal biological 
structure (Youngquist et al., 1987; Huang et al.,1991; Bouma & Tearney, 2002). 
The OCT is based on low-coherence laser interference principles, and is similar to 
the ultrasound technique in various aspects, although electromagnetic radiation is 
used instead of sound waves (Otis et al., 2000). The mechanism works by emitting 
a low coherence light coupled to a Michelson interferometer that splits light into two 
beams: a beam is directed toward the specimen and the other to a reference 
mirror. When the mirror reflections are recombined with backscattered light from 
specimen, an optical interfering pattern is generated if the optical path difference 
between specimen and mirror is less than light source coherence. The OCT 
produces cross-sectional images of tissue based on depth of penetration of light 
and optical reflectivity. The intensity of backscattered light is measured by the axial 
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position in the specimen creating images in real time (Huang et al., 1991; Bouma 
et al., 2002).   
The OCT can be used as a quantitative technique to measure mineral 
loss (Freitas et al., 2009), to assess carious lesion depth and severity, efficacy of 
chemical intervention, and testing of anti-caries agents (Chong et al., 2007; Kang 
et al., 2011), to measure the severity of subsurface demineralization in enamel and 
dentin (Fried et al., 2002; Ngaotheppitak et al., 2005; Jones et al., 2006 [a]; Jones 
et al., 2006 [b]; Jones & Fried, 2006; Chong et al., 2007), and to monitor the 
progression of artificially produced caries lesions in pit and fissure systems (Jones 
et al., 2006 [a]; Ngaotheppitak et al., 2006). Also, this technique can provides 
information of optical properties of enamel, which may change due to the decay 
process (Bakhmutov et al., 2008). 
However, studies that have evaluated the enamel process around 
restorative materials using this technology for analysis have not been reported. 
The aim of this in vitro study was to evaluate by Optical Coherence Tomography 
(OCT) analysis the bovine enamel restored with different materials submitted to 
cariogenic challenge. 
 
2. MATERIALS AND METHODS 
 
2.1. Study design  
This study was conducted in a randomized design of enamel bovine 
restored; it consisted into 2 OCT analysis conducted in the same specimens, 
before and after pH-cycling carried out in the same conditions.  
 
2.2. Specimen preparation  
Twenty four bovine incisors free from cracks or any structural defect 
were selected and randomly assigned to 3 experimental groups (n=8). Teeth were 
stored in 0.1% thymol solution until use (Kang et al., 2011; Lee et al., 2011; Chong 
et al., 2007).  
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The teeth were cleaning by prophylaxis with pumice and water. The 
crowns were cut off at the cement-enamel junction using a double-faced diamond 
disk (KG Sorensen, Barueri, SP, Brazil). Enamel buccal surface was grounded flat 
under water cooling using a 400 grit SiC paper. Cavities (1.5 ± 0.3 mm x 0.5 mm) 
were prepared in the buccal surface of each tooth using a diamond tip #3131 
(Microdont, São Paulo, SP, Brazil) mounted in a high-speed water-cooled hand 
piece (Kavo SA, Joinville, SC, Brazil) using a standard cavity preparation device 
(Elquip, São Carlos, SP, Brazil). The diamond tip were replaced every four 
preparations (Senawongse et al., 2011). All cavity margins were established in 
enamel.   
 
2.3. Restorative Procedure 
After cavities preparation, teeth were randomly divided into 3 groups 
according to restorative material (n=8): Conventional GIC - KetacTM Molar Easymix 
(3M ESPE) (KM); RMGIC - VitremerTM (3M ESPE) (VI), and resin composite - 
FiltekTM Z350 (3M ESPE) (FZ) (Table 1). The materials were handled and inserted 
into the cavities according to the manufacturer's recommendations. All restorative 
procedures were performed by the same trained operator (RVR)  
After restorative procedure, teeth were storage in 100% humidity at 
37°C. Finishing was performed after 24h with 30 µm diamond finishing tips limited 
to 10 seconds (#3139 FF, Microdont, São Paulo, SP, Brazil) with a high-speed 
hand-piece under water-cooling (Kavo SA, Joinville, SC, Brazil). Diamond tip was 
replaced every five specimens. Sof-LexTM polishing system (3M ESPE) was used 
for polishing. Each disc was used for 20 seconds with a slow-speed water-cooling 
hand piece (Kavo SA, Joinville, SC, Brazil) (Yazici et al., 2010). 
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Table 1. Restorative materials used in the study according the classification, composition and manipulation details. 
Material/ 
Batch # 











fluorosilicate glass, 5% polycarbonate acid 
 
Liquid: Polycarbonic acid and tartaric acid 
The material was proportioned by a ratio of 1:1 (and dosing spoon a drop of 
liquid) on the mixing block. It was used a flexible spatula for material 
agglutination and it was obtained a homogeneous mixture. The cavities were 
pre-treated with a drop of liquid for 10 seconds, washed with water and dried 
for 3 seconds. Then, the material was inserted into the cavity in a single 
increment using a syringe Centrix
TM 
(DFL). Over the restoration was positioned 
a matrix polyester strip; and with a glass slide the material was compressed. 









Powder: fluoraluminosilicate glass, redox 
catalyst system, pigments 
 
Liquid: aqueous solution of a 
polycarboxylic acid modified with pedant 
methacrylate groups, Vitrebond copolymer, 
water, HEMA, photoinitiators. 
 
Primer: Vitrebond copolymer, HEMA, 
ethanol, photoinitiators. 
Initially the primer was applied using microbrush with slight friction for 30 
seconds and gently air dried for 15 seconds and curing for 40 seconds. The 
GIC was manipulated (powder: liquid ratio 2.5 / 1 by weight) on a glass plate 
and inserted into the cavity using a syringe Centrix
TM 
(DFL) in a single 
increment. Over the restoration was positioned a matrix polyester strip and with 
a glass slide the material was compressed. The glass slide was removed and 
the restorative material was photocured for 40 seconds using Bluephase G2 
(Ivoclar Vivadent, Barueri, SP, Brazil) with light intensity around 1200mW/cm
2
, 
which was checked every 8 restorations using the Curing Radiometer Model 
100 (Demetron Research Corp, USA). Afterwards, will be held the application 









Organic matrix: bis-GMA, UDMA, 
TEGDMA, and bis-EMA resins.  
Inorganic particles: The fillers are a 
combination of non-agglomerated/non-
aggregated 20nm silica filler, non-
agglomerated/non aggregated 4 to 11nm 
zirconia filler, and aggregated zirconia/silica 
cluster filler (comprised of 20nm silica and 4 
to 11nm zirconia particles). The inorganic 
filler loading is about 72.5% by weight 
(55.6% by volume) for the translucent 
shades and 78.5% by weight (63.3% by 
volume) for all other shades. 
 
 
Enamel surfaces are prepared using 37% phosphoric (Condac37- FGM
TM 
LOT-
050112) acid gel for 30 seconds, rinsed for 30 seconds and dried with oil-free 
air. Adper
TM 
Single Bond 2 was applied in two consecutive layers being gently 
dried for 5 seconds and it was light cured for 10 seconds. All cavities were 
restored in one increment photocured for 20 seconds using Bluephase G2 
(Ivoclar Vivadent, Barueri, SP, Brazil) with light intensity around 1200mW/cm
2
, 
which was checked every 8 restorations using the Curing Radiometer Model 
100 (Demetron Research Corp, USA)  
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2.4. Optical Coherence Tomography (OCT) Analysis 
After restorative procedure (before and after pH-cycling), all specimens 
were examined using an OCT system with a superluminescent LED at 930 nm with 
2 mW power (OCP930SR Thorlabs Inc.) (Cara et al., 2012).  This system consists 
of three main parts: a handheld scanning probe, a base unit and a personal 
computer. The base unit contains the SLD (super-luminescent diode) light source. 
A fiber optic coupler is used to direct the light from a broadband SLD source to the 
Michelson interferometer, which is located inside the handheld probe. The probe 
and the reference light travel back through the same fiber to the spectrometer and 
the imaging sensor located in the base unit. The base unit is connected to the 
personal computer. All required data acquisition and processing is performed via 
the integrated software package, which includes a complete set of functions for 
controlling data measurement, collection and processing, and for displaying and 
managing OCT image files (Monteiro et al., 2011). 
Images of 4000 x 1500 microns (2000 x 512 pixels) were generated. 
These images presented axial resolution of 6.0 µm (in air) and a lateral resolution 
of 6.0 µm.  
The software developed in LabView 8 was use to obtain the total optical 
attenuation coefficient of all images before and after the cariogenic challenge. The 
total optical attenuation coefficient was calculated from the exponential decay of 
the detected light intensity (backscattered), according to the equation:   
   
       . Where I represents the value of the detected intensity, I0 is the 
intensity value of the source in the specimen, α is the total optical attenuation 
coefficient, z is the depth analyzed and C is a constant used due to the background 
noise signal. The optical attenuation coefficient of each specimen and each area 
was obtained from the arithmetic mean of attenuation coefficient from the images 
evaluated (Cara et al., 2012). Nine images were taken from each specimen. The 
images were evaluated at different region of interest (ROI) consisting on an area at 
two distances from the margin restoration: one at 0-200µm from the restoration 
margin and other at 200-400µm from the restoration margin (Figure 1). The 
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predefined depths of scan images at 25-120 µm were controlled by the software 
(Figure 1).  
  
 
Figure 1: Image obtained from a specimen restored with FZ (FiltekTM Z350). E – 
Enamel; R – Restoration. Distance analysis was defined by the vertical full and 
dashed lines (X-coordinates 3438-3638). Figure shows the 0–200-μm width of the 
margin restoration. A – Region of interest (ROI). 
 
Specimens were placed in an acrylic tray hold with polyvinyl siloxane 
impression material (Silon 2 APS Denso, Dentsply) to ensure that the specimens 
were analyzed in the same position before and after pH-cycling. The set was 
positioned in the platform analysis of OCT system to conduct the evaluation.   
 
2.5. Cariogenic challenge 
In order to simulate a cariogenic challenge a pH-cycling was used. The 
specimens were coated with two layers of acid resistant varnish (Colorama, São 
Paulo, SP, Brazil) except an area of 1.0 mm around the restoration. They were 
immersed in demineralizing solution (2.0 mmol/L Ca and P, 0.075 mol/L acetate 
buffer, 0.04 ppm F, 2.2 mL/mm2 of enamel surface, pH 4.7) for 6 hours and 
remineralizing solution (1.5 mmol/L Ca, 0.9 mmol/L P, 0.15 mol/L KCl, 0.02 mol/L 
Tris buffer, 0.05 ppm F, 1.1 mL/mm2 of enamel surface, pH 7.0) for 18 hours for 
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five days at 37°C. After that, the specimens were immersed in remineralizing 
solution for an additional 48 hours (Rodrigues et al., 2008) prior to second OCT 
analysis. Then, the second OCT analysis was carried out. 
 
2.6. Data analysis 
The data from OCT analysis before and after pH-cycling were evaluated 
in order to check the equality of variances and confirm a normal distribution. The 
data from OAC regarding each material were submitted to ANOVA and data from 
before and after pH cycling were submitted to paired t-test, and significance level 
was set at 5%. The tests were conducted independently. The BIOESTAT system 
software (version 5.0, 2009; Belém, Pará, Brazil) was used for both analyses.  
For the strength of the intra-examiner agreement, 20% of the randomly 
chosen specimen was examined twice at a weekly interval. The OAC data were 
analyzed with Intraclass correlation test and was considered excellent (Intraclass 
correlation coefficient = 0.97) (BIOESTAT; version 5.0, 2009). 
 
3. RESULTS 
Tables 2 and 3 present the means and standard deviations (SD) of 
optical attenuation coefficient. ANOVA showed no difference among materials 
regarding the cariogenic challenge and areas of analysis (p>0.05).  
According to the paired t-test statistical analysis, no significant 
difference was found between before and after cariogenic challenge for KM at 0-
200µm (p=0.0932) and at 200-400µm (p=0.0986). However, for VI and FZ, it was 
observed a statistically significant difference for both materials (p=0.0246 / 
p=0.0360; p=0.0071 / p=0.0014) and areas (0-200µm and 200-400µm) 
respectively. It was observed that the intensity of the detected signal was higher 
before cariogenic challenge (Figure 2). The decrease in signal demonstrates the 
mineral loss of dental tissue, and higher attenuation coefficient is related with 
higher mineral loss. No statistically significant difference was found for each area 




Table 2. Mean of optical attenuation coefficient values (SD) regarding material, pH-
cycling and 0-200µm area. 
MATERIAL 
0-200µm 
BEFORE pH-CYCLING AFTER pH-CYCLING 
KM 0.05137 (0.0376) Aa 0.09217 (0.0381) Aa 
VI 0.05730 (0.0255) Aa 0.08519 (0.0196) Ab 
FZ 0.03742 (0.0217) Aa 0.08835 (0.0173) Ab 
Similar capital letters in the column and similar small letters in line mean no statistical difference among groups (p>0.05). 
 
Table 3. Mean of optical attenuation coefficient values (SD) regarding material, pH-
cycling and 200-400µm area. 
MATERIAL 
200-400µm 
BEFORE pH-CYCLING AFTER pH-CYCLING 
KM 0.05624 (0.0605) Aa 0.10448 (0.0338) Aa 
VI 0.04532 (0.0356) Aa 0.08297 (0.0127) Ab 
FZ 0.03694 (0.0185) Aa 0.09013 (0.0151) Ab 





Figure 2: Compounded profiles showing OCT signal magnitude (a.u.) related to 
optical penetration depth. (A) Curve before pH-cycling. (B) Curve after pH-cycling. 
After pH-cycling (B), increased OAC values are visualized as changes in the OCT 
curve, which was calculated by fitting an exponential function. The depth of each 
scan image is delineated by the white vertical lines representing Z coordinates, 
located between 25-120 µm on the graph.  
 
4. DISCUSSION 
This in vitro study intended to compare restorative materials at different 
distances to protect the adjacent enamel after cariogenic challenge using an OCT 
system. It could be observed no difference between before and after cariogenic 
challenge in both analyzed areas for KM, therefore, it is suggest that GIC had 
preventive and protective effects in enamel around the restoration and could have 
influenced the demineralization process.  
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GICs were able to interfere with the development of artificial caries 
lesions on the adjacent enamel because of the action of fluoride release 
(Vermeersch et al., 2001) and the continual presence of low concentration of 
fluoride, which appears to inhibit demineralization and enhance remineralization 
(Featherstone et al., 1990). There are two different mechanisms that were 
proposed by fluoride release from these materials into an aqueous environment. 
One mechanism is a release of setting reaction. This provokes high release from 
glass ionomer over the first 24h. Probably owing to the fluoride release burst from 
the glass particles while reacting with the polyalkenoate acid during the setting 
reaction (Wiegand et al., 2007). The second mechanism is more gradual and 
results in the sustained diffusion of ions through the bulk cement, which occurs 
when the glass dissolves in the acidified water of the hydrogel matrix (Vermeersch 
et al., 2001). Water diffusion into the material is necessary for the formation of 
hydrogen ions, which attack the fluoride-containing glass particles, releasing 
fluoride. Ionomeric materials are more permeable to water, and this aspect would 
be expected to enhance fluoride diffusion and release (Asmussen & Peutzfeldt, 
2002). In addition, GIC showed potential value as a restorative material for 
prevention or reversal of caries in enamel adjacent to restorations, even in 
situations of high cariogenic challenge (Serra & Cury, 1992).  
In a previous in vitro study, KM produced the lowest enamel mineral loss 
values in permanent teeth when it was used as fissure sealant (Kantovitz et al., 
2006). Furthermore, fluoride uptake and microhardness profiles were determined in 
enamel around restorations under high cariogenic challenge simulation observed in 
an in situ study. It could be observed that enamel fluoride uptake around GIC was 
greater and mineral loss lower than in enamel restored with non-fluoridating 
composites (Benelli et al., 1993). 
In contrast, in the present study, the enamel restored with VI and FZ 
showed statistically differences between before and after cariogenic challenge 
suggesting mineral loss after pH-cycling due to demineralization process. The total 
optical attenuation coefficient was determined from OCT signal analysis of the 
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specimens based on the exponential decay of this signal. For all materials studied 
it was observed higher optical attenuation coefficient after enamel 
demineralization. However, only for resin-based materials (VitremerTM and FiltekTM 
Z350) it was observed significant statistically differences after cariogenic challenge. 
This happens since the demineralization process creates gaps in enamel structure 
increasing the light scattering (Cara et al., 2012). Similar results were found by 
Amaechi et al. (2003) e Cara et al. (2012). They compared healthy teeth and 
demineralized ones and they did not use remineralizing agents, but they used the 
same OCT system. Also, the enamel demineralization processes validation by 
OCT analysis compared to a cross-sectional microhardness test was recently 
described in the literature using the same OCT system used in this study (Cara et 
al., 2012).  
According to Kantovitz et al. (2006), VitremerTM showed similar results to 
the resin for mineral loss inhibition. This material showed no fluoride release at the 
cycling solution; this may have occurred due to the type and amount of resin used 
for the light-curing VitremerTM reaction, and to the finishing gloss used for material 
impermeabilization during de first 24h, as recommended by the manufacturer, that 
might had some influence on the fluoride-releasing process (Momoi & McCabe, 
1993). This surface protection step significantly reduces the amount of fluoride 
leached from glass ionomers and compomers (McKnight-Hanes & Whitford, 1992; 
Kupietzky et al., 1994; de Araújo et al., 1996; Hattab & Amin 2001). 
 In addition, at in vitro conditions, fluoride leached from filling materials 
coated with an adhesive was reduced (Castro et al., 1994; Mazzaoui et al., 2000). 
This coating with monomeric array seems to have great influence on fluoride 
release in the first 24h, since it could has interfered with the period of greatest 
fluoride release blocking the formation and release of ions. In addition, the coating 
was removed after 24h by polishing. Thus, not only the coating, but the primer 
monomer applying could also have affected the fluoride release to enamel. 
Miranda et al. (2002) showed that the use of a dental adhesive significantly 
decreased the fluoride release of VitremerTM. Also Mathis & Ferracane (1989) 
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assumed that in the set resin materials, fluoride ions might be firmly encapsulated 
by the resin matrix and consequently its fluoride release rate into an aqueous 
environment could be smaller and lower than that of conventional GICs.  
With respect to effect of the materials at different distances from margin, 
no differences were found between them (0-200µm and 200-400µm) neither among 
groups with respect to mineral loss after cariogenic challenge. These distances 
were determined based on Salas et al. (2011) study, which observed that the 
preventive effect of GIC and RMGIC was in that range, 0-400µm starting the 
restoration margin and after 400µm no statistical difference was found between the 
materials studied.    
In the present study, when the materials were compared, it was 
observed no significant difference among before and after cariogenic challenge 
and among for distances. This finding suggests that the presence of fluoride in the 
materials composition alone does not indicate the materials behavior regarding its 
capability to interfere with the development of like-caries lesions in permanent 
enamel (Kantovitz et al., 2006). Fluoride release and uptake characteristics depend 
on the matrices, fillers and fluoride content as well as on the setting mechanisms 
and environmental conditions of the restoratives (Wiegand et al., 2007). 
Based on the results obtained; this study showed that OCT system can 
be used non-destructively to measure the artificial demineralization process on 
smooth enamel surfaces around restoration with different materials. In addition, 
this method has paramount importance for the effective use of treatment strategies 
for accurate determination of mineral loss degree and severity for mineral material 
loss. Since optical diagnostic tools achievement changes in the light scattering of 
the enamel they have great potential for the diagnosis of the current “state of the 
lesion”, whether it is undergoing mineral loss or is undergoing remineralization. 
Therefore, new technologies must be able to determine whether active caries 
lesions have been partially remineralized and have become arrested. OCT is 
capable of this task since it provides a measure changes in the light scattering from 
each layer of the tooth. In addition, it is able to show the formation of a zone of 
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increased mineral density and reduced light scattering due to remineralization (Can 
et al., 2008). OCT system is an optical method that has promising applications for 
in vivo detection and monitoring of early enamel occlusal caries (Jones et al., 2006 
[a]) and mineral loss around restorations, which was observed in this in vitro study.  
 
5. CONCLUSIONS 
Within the conditions of the present study we concluded that: 
1. Changes in bovine enamel were detected for resin-based 
materials since it was observed increase in optical attenuation coefficient, 
suggesting enamel mineral loss after cariogenic challenge; 
2. Glass ionomer material (KetacTMMolar Easymix) showed no difference 
between before and after cariogenic challenge at all distances from restoration 
indicating protective effects in enamel around the restoration. 
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Baseando-se nos resultados obtidos, pôde-se concluir que: 
1. Alterações no esmalte bovino foram observadas quanto este foi 
restaurado com materiais resinosos, uma vez que houve aumento do coeficiente 
de atenuação óptico, sugerindo perda de conteúdo mineral após o desafio 
cariogênico;  
2. Não foi observada diferença para as áreas avaliadas (0-200μm e 
200-400μm) antes e após o desafio cariogênico; 
3. Esmalte bovino restaurado com cimento de ionômero de vidro 
convencional (KetacTM Molar Easymix) não apresentou diferença antes e após o 
desafio cariogênico indicando efeitos preventivos a esse substrato ao redor das 
restaurações; 
4. Nas condições propostas para o desafio cariogênico, não foi possível 
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Figura 1: Seleção, limpeza e secção dos dentes bovinos. 
A - Seleção dos dentes bovinos. Observar integridade do esmalte. 
B - Taça de borracha utilizada na limpeza das coroas dentais. 
C  - Realização da profilaxia com pasta de pedra pomes e água. 
D - Secção dos dentes com disco de aço diamantado de corte duplo. 





Figura 2: Sequência para o preparo do substrato. 
A - Pistola de cola quente utilizada para fixação dos fragmentos dentais.    
B - Fragmento dental fixado à porta amostra de acrílico. 
C - Politriz metalográfica Arotec. 
D e E - Os dentes fixados ao porta amostra foram posicionados no dispositivo da 
politriz para o desgaste uniforme dos mesmos. Estes foram planificados e o 
esmalte superficial foi removido para padronização do substrato com lixa #400 
sobre irrigação com água.  
F - Quando necessário o desgaste ou a planificação era feita manualmente. 
G e H - Fatia final de dente bovino planificada e com desgaste superficial ainda 
possuindo 1 mm ± 0,2 mm de espessura de esmalte. A aferição da espessura foi 




Figura 3: Máquina padronizadora de preparos e descrição de utilização. 
A - Máquina padronizadora de preparos.  
B - Máquina padronizadora de preparos com proteção contra aspersão de água 
durante o acionamento do micromotor de alta rotação. 
C - Visor mostrando a profundidade de 0,5 mm da cavidade produzida pela ponta 





Figura 4: Realização dos preparos e configuração final. 
A - Acionamento do micromotor de alta rotação. 
C - Ponta diamantada #3131 (Microdont, São Paulo, SP, Brasil). 




Figura 5: Apresentação do material 1 e passo-a-passo do condicionamento 
do substrato. 
A  - Cimento de ionômero de vidro KetacTM Molar Easymix (3M ESPE). 
B - Componente líquido do cimento de ionômero de vidro: ácido policarbônico e 
tartárico. 
C e D - As cavidades foram pré-tratadas com uma gota do líquido por 10 
segundos. 
E - As cavidades foram lavadas com água deionizada por 30 segundos. 




Figura 6: Proporcionamento do KetacTM Molar Easymix (3M ESPE). 
A - Proporcionamento do pó constituído de: vidro de fluorsilicato de alumínio-
cálcio-lantânio, ácido policarbonato 5%, com a colher dosadora sobre o bloco de 
espatulação fornecido pelo fabricante. 
B - Divisão do pó para posterior manipulação. 




Figura 7: Manipulação do KetacTM Molar Easymix ; Molar® e utilização da 
seringa tipo CentrixTM (DFL) 
A - Material proporcionado sobre o bloco de espatulação fornecido pelo 
fabricante. 
B - O material foi aglutinado com uma espátula plástica flexível até se obter uma 
mistura homogênea. 
C - Mistura homogênea. 
D, E e F - Inserção do material na ponteira. 
G - Colocação do êmbolo. 
I - Ponteira  acoplada na seringa tipo CentrixTM. 





Figura 8: Finalização do procedimento restaurador e proteção contra 
sinérise e embebição. 
A - Posicionamento da tira de matriz de poliéster. 
B - Compressão com lâmina de vidro. 
C - Acabamento inicial com lâmina de bisturi #12. 










Figura 9: Apresentação do material 2 e aplicação do primer do material. 
A - Apresentação do material VitremerTM (3M ESPE). 
B e C - Aplicação do primer utilizando microbrush com leve fricção por 30 
segundos no esmalte. 
D - Leve secagem com ar por 15 segundos.  




Figura 10: Manipulação do VitremerTM (3M ESPE). 
A - Proporcionamento do pó.  
B - Divisão do pó para posterior manipulação. 
C e D - Proporcionamento do componente líquido: solução aquosa com 
copolímeros do ácido polialcenóico, HEMA e canforoquinona. 
E - Proporcionamento (pó: líquido 2.5 / 1 em peso) conforme instruções do 
fabricante. 
F - Manipulação sobre bloco de papel fornecido pelo fabricante com uma espátula 





Figura 11: Utilização da seringa tipo CentrixTM para aplicação do VitremerTM  
A, B e C - Inserção do material na ponteira. 
D e E - Colocação do êmbolo. 
F - Ponteira acoplada na seringa CentrixTM. 











Figura 12: Finalização do procedimento restaurador e proteção do material 
contra sinérise e embebição.  
A - Posicionamento da tira de matriz de poliéster. 
B - Compressão com lâmina de vidro. 
C - Fotoativação por 40 segundos com o fotoativador Bluephase G2 (Ivoclar 
Vivadent, Barueri, SP, Brasil). 
D - Componente finishing gloss para proteção.  














Figura 13: Apresentação do material 3 e passo-a-passo do condicionamento 
do substrato. 
A - Condac 37 (FGM) ácido fosfórico 37%. 
B, C e D - As superfícies de esmalte foram preparadas usando ácido fosfórico a 
37% gel, por 30 segundos (técnica de condicionamento ácido total). 
E - As superfícies pré-tratadas foram lavadas por 30 segundos com água 
deionizada. 






Figura 14: Apresentação e aplicação do sistema adesivo. 
A - Adesivo AdperTM Single Bond 2 (3M ESPE). 
B, C, D e E - Seguindo as instruções do fabricante, o adesivo AdperTM Single 
Bond 2 foi aplicado em duas camadas consecutivas sendo secas delicadamente 









Figura 15: Procedimento restaurador com FiltekTM Z350 (3M ESPE). 
 A - FiltekTM Z350 (3M ESPE). 
B, C e D - As cavidades foram restauradas em incremento único. 
E - Posicionamento da tira de matriz de poliéster e compressão com lâmina de 
vidro. 









Figura 16: Aparelho fotoativador e características do aparelho. 
A - Todos os materiais foram fotoativados utilizando-se o aparelho Bluephase G2 
(Ivoclar Vivadent, Barueri, SP, Brasil) com intensidade de luz em torno de 
1200mW/cm2. 
B - Descrição das características do aparelho fotoativador.   







Figura 17: Acabamento e polimento, materiais e modos de utilização. 
A - As restaurações foram acabadas com lâminas de bisturi #12 para remover  
excessos. 
B - Acabamento com ponta #3139FF (Microdont, São Paulo, SP, Brasil) em alta 
rotação com refrigeração a água (Kavo SA, Joinville, SC, Brasil) por 10 segundos. 
C - Ponta diamantada #3139FF (Microdont, São Paulo, SP, Brasil). 
D, E e F - Acabamento e polimento com sequência de discos Sof-Lex® (3M/ESPE) 







Figura 18: Porta amostra e dispositivo de acoplamento para padronização 
das áreas de análises. 
A, B e C - Dispositivo de acoplamento. 











Figura 19: Impermeabilização das fatias dentais e desafio cariogênico 
(ciclagem de pH).  
A - Verniz ácido resistente para unhas na cor vermelha (Colorama®, Brasil). 
B - Fatia de dente bovino impermeabilizada com verniz para unhas, deixando 1 
mm ao redor da restauração exposta.  
C - Dentes foram imersos na solução desmineralizadora (DE) por 6 horas. 
D - Lavagem com água deionizada por 60 segundos.  
E - Secagem com papel absorvente para troca de solução.  







Figura 20: Tomografia por Coerência Óptica (OCT) 
A - Aparelho OCP930SR Thorlabs Inc. (Centro de Laser e Aplicações; Instituto de 










Figura 21: Programa utilizado para obter o coeficiente de atenuação óptico 
das amostras avaliadas. 
A - Software desenvolvido em LabView 8 foi utilizado para obter o coeficiente de 





Figura 22: Programa utilizado para obter o coeficiente de atenuação óptica 
das amostras avaliadas. 
A - Arquivo matriz *. Raw na tela do software desenvolvido em LabView 8. 
B - Visão aproximada de uma amostra representativa restaurada com resina  
FiltekTM Z350 (3M ESPE), as linhas branca e vermelha marcam a área de análise 
de 200 microns. 
C - Região de análise definida pelas linhas branca e vermelha. Observar as 






Figura 23: Programa utilizado para obter o coeficiente de atenuação óptico 
das amostras avaliadas. 
A - Exemplo dos gráficos produzidos antes do desafio cariogênico com coeficiente 
de atenuação óptico B = -0,059239.  
B - Exemplo dos gráficos produzidos depois do desafio cariogênico com 








Figura 24: Imagem de uma amostra representativa restaurada com cimento 
de ionômero de vidro KetacTM Molar Easymix. 
A - Imagem em formato Bscan. 
B - Imagem em arquivo matriz *. Raw. 
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ANEXO 
 
